Removal of the intensive care unit (ICU) at the Vale of Leven Hospital mandated the identification and transfer out of those acute medical admissions with a high risk of requiring ICU. The aim of the study was to develop triaging tools that identified such patients and compare them with other scoring systems. The methodology included a retrospective analysis of physiological and arterial gas measurements from 1976 acute medical admissions produced PREEMPT-1 (PRE-critical Emergency Medical Patient Triage). A simpler one for ambulance use (PREAMBLE-1 [PRE-Admission Medical Blue-Light Emergency]) was produced by the addition of peripheral oxygen saturation to a modification of MEWS (Modified Early Warning Score). Prospective application of these tools produced a larger database of 4447 acute admissions from which logistic regression models produced PREEMPT-2 and PREAMBLE-2, which were then compared with the original systems and seven other early warning scoring systems. Results showed that in patients with arterial gases, the area under the receiver operator characteristic curve was significantly higher in PREEMPT-2 (89 . 1%) and PREAMBLE-2 (84.4%) than all other scoring systems. Similarly, in all patients, it was higher in PREAMBLE-2 (92 . 4%) than PREAMBLE-1 (88 . 1%) and the other scoring systems. In conclusion, risk of requiring ICU can be more accurately predicted using PREEMPT-2 and PREAMBLE-2, as described here, than by other early warning scoring systems developed over recent years.
Introduction
In October 2003, acute surgical and emergency department (ED) services at the Vale of Leven Hospital were transferred to the Royal Alexandra Hospital in Paisley. 'Standalone' acute medical services continued with on-site anaesthetic cover, and the ED was replaced by a medical assessment unit (MAU). The planned removal of the remaining intensive care unit (ICU) bed stimulated the desire to develop tools to help identify patients at greatest risk of requiring ICU care, to allow transfer elsewhere as early as possible. A review of the literature in late 2004 showed only two of the earliest versions of the scoring systems assessed below, and none that had risk of requiring ICU as the primary target. The retrospective audit (described below) was therefore undertaken to develop suitable triaging tools that are described here.
The PRE-critical Emergency Medical Patient Triage (PREEMPT) tool was designed to be used in the hospital, based on routine physiological and arterial blood gas measurements readily available in the emergency department. The PRE-Admission Medical Blue-Light Emergency (PREAMBLE) tool was designed for ambulance use, only using routinely collected physiological measurements, to allow a rapid risk assessment and decision regarding bypass to another hospital. As described below, the subsequent implementation of these scoring systems led to a larger, more complete, database that allowed the further development of these scoring systems.
Leading up to and during the timeframe of this project, a number of other scoring systems have been developed aimed at identifying the 'at-risk' patient and including those discussed below. 1 -10 These arose out of the increasing concern about delays in identifying the deteriorating acute medical admission and the resultant poorer prognosis, as outlined in several national reports that led to national recommendations about the use of early warning scores. 11 -13 The results of our work therefore closely mirror these initiatives.
Methods

Retrospective study
This included 1843 non-ICU medical admissions over the six months from 1 December 2004 to 31 May 2005 and to allow sufficient number of ICU patients (defined by ICU anaesthetists as requiring APACHE-II monitoring and some form of major system support -including invasive ventilation in great majority) for comparison, 133 out of the 205 ICU medical admissions over a five-year period from 1 January 2000; 72 of the 205 were excluded because either the case-notes had been destroyed, no pre-ICU data were available, or the patient had been brought in from another ICU. The routine physiological variables recorded for each admission were age (years), sex, pulse rate (beats/minute), respiratory rate (breaths/ minute), systolic and diastolic blood pressure (SBP and DBP in mmHg), temperature (8C), conscious level (AVPU: A ¼ alert, V ¼ responds to verbal, P ¼ responds to pain, U ¼ unresponsive), peripheral oxygen saturation (SpO 2 ) on air (%), the composite Modified Early Warning Score (MEWS) 1 and, where measured on clinical grounds, arterial blood gases (H 1 , nmol/L; PaCO 2 , kPa). For those patients admitted to ICU more than 24 hours after MAU presentation (15 patients, 11% of ICU admissions), only data that had been available during the 24 hours before ICU admission were used in the analysis. Variables were compared between ICU and non-ICU patients using, as appropriate, t-test (T), Wilcoxon -Mann -Whitney test (W), Fisher's exact test (F), and chi-squared test (C) to identify potential predictors for intensive treatment unit (ITU) admission. A subset of variables was selected for multivariate analysis.
Prospective study
The much larger, more complete prospective database consisted of 4314 acute admissions between 30 January 2006 and 31 March 2007. The same variables were recorded as for the retrospective study. In MAU, a high MEWS (.4 in total, or 3 in any one category), hypoxia (SpO 2 ,95%), or clinical concern, triggered arterial gas measurement and generation of a PREEMPT-1 score which, along with clinical judgement, was used to select a small group of patients, judged to be at risk of respiratory failure, for urgent transfer to a hospital with ICU facilities. All patient journeys were tracked to ascertain who required ICU admission with invasive ventilation (37) and highdependency unit (HDU) admission (145). To allow a more meaningful analysis, a combined data-set was created from all prospective study patients plus the 133 ICU patients that required similar intervention from the retrospective study, giving a total of 170 ICU patients for analysis, of whom 169 had arterial gas results available during the 24 hours prior to admission to ICU.
Using this combined data-set, logistic regression models were used to develop new versions of the triaging tools. A bootstrap variable selection method was used. 14 For continuous variables, a range of transformations was considered: x, 1/(x 2 ), 1/x, 1/(x 1/2 ), ln(x), x 1/2 , x 2 and x 3 to allow for possible non-linear relationships. Including these in the full set of possible predictor variables, a forward stepwise procedure was applied to 500 bootstrap data-sets. A final stepwise procedure was applied to the subset of predictor variables that appeared most often in the final models for these bootstrap data-sets. The resulting logistic regression models led to PREEMPT-2 and PREAMBLE-2.
The combined data-set allowed comparison of the original and new versions of both PREEMPT and PREAMBLE. Receiver operator characteristic (ROC) curves were created and the area under curve (ROC AUC) estimated. Alternative cut-offs for the new scores were chosen to give sensitivities (a) of 90%, and (b) equal to those achieved by PREEMPT-1 and PREAMBLE-1. Performance statistics are presented with bootstrap 95% confidence limits based on 1000 bootstrap samples. The two PREAMBLE scores are reported within the subset of patients with arterial gases, as well as the full combined data-set. All four scoring systems were also assessed with regard to predicting the need for HDU care, in the complete data-set minus ICU admissions, in terms of ROC AUC performance.
The combined data-set was also used to see how effective a wide range of other early warning scoring systems were at detecting risk of requiring ICU or HDU compared with the PREEMPT and PREAMBLE systems. Most of these systems have been developed over the same timeframe and use very similar variables (with the exception of arterial gases), as PREEMPT and PREAMBLE. They included MEWS, 3 REMS (Rapid Emergency Medicine Score), 4 PARS (Patient At Risk Score), 5 MREMS (Modified Rapid Emergency Medicine Score), 7 SEWS (Standardised Early Warning Score), 8 WPSS (Worthing Physiological Scoring System), 9 and AEWS(surg) (Aberdeen Early Warning Score[surgical function]). 10 
Results
Retrospective study Table 1 shows data collected for the retrospective study.
PREEMPT-1: Although ICU patients were younger than non-ICU patients it was felt, perhaps inappropriately, that age should not be used in the initial triaging tool. The sex distribution was similar in all groups. As well as MEWS, four of its components ( pulse, respiration rate, SBP and AVPU), were associated with ICU admission. MEWS was preferred over these individual variables to allow as simple a model as possible. Both H þ and PaCO 2 were higher in ICU patients (P , 0.001) and were included in the model. SpO 2 values were lower in ICU patients than all non-ICU patients (P , 0.001) though not for the subgroup with arterial gas measurements (P ¼ 0.66). They nonetheless appeared to make a contribution as, after a process of examining different coefficients, the resulting model was:
A score of .25 had a sensitivity of 92 . 4% and a specificity of 49 . 8% for detecting risk of requiring ICU, when applied to the 15% of patients with arterial gas results.
PREAMBLE-1: As stated above, subsequent admission to ICU was associated with abnormal values of the four MEWS components of pulse, respiration rate, SBP and AVPU as well as high MEWS and low SpO 2 values. Using the four MEWS components, a modified version of MEWS was agreed, following a multidisciplinary roundtable discussion of their relative role in identifying risk of requiring ICU, as reflected in their performance in the retrospective data-set. Aimed at being used in the ambulance setting, this was simpler and easier to apply than MEWS and, in the retrospective audit, appeared at least equivalent to MEWS, with a score of 1 having a sensitivity of 83.9% and specificity of 59.0%, compared with a score of 2 for MEWS giving 81.5% and 59.8%, respectively. This was further improved, subsequently, by adding SpO 2 and became known as PREAMBLE-1. Table 2 shows how this score is calculated. A score of .1 had a sensitivity of 92 . 0% and a specificity of 58 . 8% for detecting risk of requiring ICU in the whole data-set. Results were 92.0% and 29.1%, respectively, when applied to the 15% of patients with arterial gas results, significantly poorer than PREEMPT-1. Table 3 summarizes the combined data-set. Patterns of association were the same as for the retrospective data-set except, in patients with arterial gases, pulse rates were similar and SpO 2 levels higher in the non-ICU compared with ICU patients. Table 4 shows the formulae of the logistic regression models derived for calculating PREEMPT-2 and PREAMBLE-2. Table 5 shows that in those with arterial gases, PREEMPT-2 is significantly better than PREEMPT-1 regarding ROC AUC (89.1% versus 79.8%) and when comparing a similar sensitivity of 92.9%, specificity (61.1% versus 46.9%) results for detecting ICU need. Also this subgroup shows that PREEMPT-2 has significantly better results compared with PREAMBLE-2, as does PREEMPT-1 compared with PREAMBLE-1. PREAMBLE-2 appears to be as powerful as PREEMPT-1. In all patients and at a sensitivity of 91 . 8%, PREAMBLE-2 has a mildly, but still significantly, improved specificity compared with PREAMBLE-1 (69 . 6% versus 66.7%), although the 95% confidence intervals (CIs) for ROC AUC just overlap. Figure 1 illustrates the associated ROC plots.
Prospective study
When compared with the seven other previously reported scoring systems, PREEMPT and PREAMBLE appear better at identifying risk of requiring ICU care, as Table 6 demonstrates. This is particularly so with PREEMPT-2 and PREAMBLE-2 in the most at-risk group, i.e. those with arterial gases, with no overlap between the 95% CIs for ROC AUC and all other scoring systems. When looking at all patients, although PREAMBLE-2 has a significantly greater ROC AUC than most other scoring systems, there is a slight overlap in the 95% CI between it and PARS and SEWS. Table 6 also shows that the ability of all scoring systems to identify HDU patients is much poorer than their ability to identify ICU patients, with up to 20% comparative reduction in ROC AUC levels. Some scoring systems, particularly when applied to the subgroup with arterial gases, are almost no better than guessing. PREEMPT-2 and PREAMBLE-2 have highest ROC AUC values, but 95% CIs often overlap with others.
Discussion
Over recent years, scoring systems have been developed in a number of specific clinical situations to identify poor prognosis. 15 -19 Delays in recognizing deteriorating acute medical patients led to attempts to introduce Early Warning Scores (EWS and MEWS) and the development of outreach critical care teams to detect and manage these patients. 1 -3,20 -22 The reports from the National Confidential Enquiry into Patient Outcome and Death (NCEPOD), and National Institute for Health and Clinical Excellence (NICE) describe these scoring systems in detail. 11, 12 More recently, and during the period of development of our own triaging tools, other such scoring systems have been reported, including several of those analysed in this paper using our combined data-set. 3 -5,7 -10 The systems so far described have concentrated mainly, but not always exclusively, on risk of dying as a surrogate for requiring critical care. The exception to this is the AEWS 10 which, like our own, was designed to identify risk of requiring ICU care. In an attempt to improve specificity, some systems have become complex and could be unwieldy in the emergency situation. 6 .
In this paper, we describe a process through which the PREEMPT and PREAMBLE triaging tools have been developed aimed at detecting those emergency admissions at risk of requiring ICU care. They have good diagnostic performance despite coming from routine clinical databases and reflecting 'the real world' of data collection with the potential for more errors than in formal studies. As such, they could be used in a wide range of acute clinical settings. PREAMBLE-2 could be generated by the referring general practitioner, or enroute by ambulance staff to assist decisions regarding urgency and the need to alert ED. It may also prove to have a role in selecting those requiring arterial blood gas measurements on arrival at ED which would thus generate a PREEMPT-2 score. By requiring arterial gas results availability, PREEMPT-2 is aimed at a small, more at-risk, group of admissions. In our experience, about 15-17% of acute general medical Table 4 Formulae for PREEMPT-2 and PREAMBLE-2
SBP, systolic blood pressure; DBP, diastolic blood pressure; AVPU, A ¼ alert, V ¼ responds to verbal, P ¼ responds to pain, U ¼ unresponsive; SpO 2 , peripheral oxygen saturation; PREEMPT, PRE-critical Emergency Medical Patient Triage; PREAMBLE, PRE-Admission Medical Blue-Light Emergency For each score, the area under curve (AUC) for the ROC curve is reported with a 95% bootstrap CI. For PREEMPT-1 and PREAMBLE-1, the sensitivity and specificity (with 95% bootstrap CIs) are reported for the cut-offs originally chosen. For PREEMPT-2 and PREAMBLE-2, the sensitivity and specificity (with 95% bootstrap CIs) are reported for cut-offs chosen to give 90% sensitivity in the combined data-set, and for cut-offs chosen to equal the sensitivity of the corresponding original scores. For both PREAMBLE scores, performance statistics are also reported when applied using the subset of non-ITU patients with arterial gases admissions are felt to be unwell enough to require arterial gas analysis. The score generated, allows the selection of a subgroup (in our experience about 1/3 of the 15-17%, i.e. 5 -6% of all admissions) that contains about 90% of those that will require ICU after admission. Its easy application on arrival, if necessary by non-medical staff, would allow rapid early triaging of this small group that could be more intensively monitored. We have found, but not reported here, that sequential application of these tools may allow nearly every patient to be identified before ICU. In some, their deterioration is clearly obvious but in others this is much less so. The earlier versions have been, and continue to be, used in the triaging of acute medical emergencies arising within the catchment of Vale of Leven Hospital, both in the ambulances (PREAMBLE-1) and in the MAU (PREEMPT-1). The apparent superiority of PREEMPT-2 and PREAMBLE-2 to the earlier versions, and to the other scoring tools mentioned here, would favour their use, but their complexity would require preprogrammed desktop or hand-held computers/calculators. This would, however, improve accuracy and increase the speed of calculation, as well as allowing collection of data to download on to a data-set, so allowing audit and further development of the tools as suggested below. Electronic recording of data and automatic generation of scores is in the process of happening in the Vale of Leven Hospital and, given the increasing trend to electronic rather than paper data collection in the NHS as a whole, this is seen as an appropriate way for such tools to develop in future. 23 From our experience of their use, the PREAMBLE and PREEMPT tools for identifying risk of requiring ICU, as described in this paper, could significantly reduce the morbidity and mortality of deteriorating acute medical patients by their earlier identification, and thus more intensive monitoring and management, as has been advocated in the NCEPOD, NICE and Royal College of Physicians of London reports. 11 -13 The other early warning scoring tools that have been developed in recent years have gone some way to achieving this goal but, as seen here, additional prognostic markers, as in PREEMPT, may be required to improve their accuracy. Avenues for further development include assessment of additions or alternatives to these prognostic markers (e.g. venous rather than arterial gas measurements); prospective modelling studies of the implications of using them in isolation, in combination, or sequentially; and cluster randomized studies to evaluate their impact on patient outcomes. This may help achieve a consensus on the best way forward for early identification of the at-risk acute hospital admission.
Book Review
A History of War Surgery Dr John Wright Amberley Publishing, UK, 2011
The aim of this book, the author writes in his preface, 'has been to examine what all types of medical people and their patients must experience in combat, and how that experience has developed and changed over the centuries -to understand the challenges that faced war surgeons and their teams.'
The author's aim is ambitious, especially as he has not the background of those of us in our own Military Medical Armed Forces, who had wounded patients brought before them on admission and later in the operating theatre.
It is of interest that this book is written by an Australian, with considerable input from United States Military -both of these mean we are reading an account of military surgery from their point of viewthis fact comes over again and again. It is also perhaps of interest that the author has put his name at the top of the front, cover of his book and its title at the bottom.
The book starts with 'The Evolution of War Surgery, from Classical times. It proceeds quickly to the present. 'Surgery comes of Age' follows, describing the discovery of general anaesthesia but saying less about the discovery of the cause of sepsis in Britain, and its prevention. The succeeding chapters describe and quote recollections of the later -19 th and 20 th century Wars -and in Chapter 7 the American Civil War is described as 'The Dawn of Modern Surgery'. The bitterness of that conflict is referred to, but not the fact that at its onset, the two sides refused to let their own medical officers treat wounded from the opposition.
Subsequent chapters consist of many pages of first-hand accounts of casualties and their management -there are so very many of these, that a degree of repetition becomes somewhat overdone. Several significant advances, too often passed by, are included -the wonderful surgery and plastic repairs for many RAF pilots early in the 1939-45 War, the contribution of women as nurses and assistants, the rapid rise to excellence of the Walter Reed Hospital. There is a chapter (8) about murders of US Presidents, implying that this was something new -but the author forgot Julius Caesar. 'Assassinations of US Presidents and the brother of one of them were the forerunners of today's terrorist war' he writes -showing the US standpoint once again.
There are some omissions. The advances in military surgery made by Albacusis, the early Arab surgeon, and his colleagues deserve inclusion. Sir John Pringle's agreement with the French that the surgeons should share the treatment of wounded from both sides -and his surmise about the role of poor sanitation in causing diseases now called 'infections.' Florence Nightingale's Russian opposite number, Duchess Elena Pavlovana, who did for the Russians exactly what Miss Nightingale did, is not mentioned. Nor is Pirgov, who in 1854 put on the first plaster cast in the field -and made other military surgical advances. In the account of the British input in the First World War, it is unbelievable that the RAMC and General Sir Alfred Keogh are not mentioned. The later part of this book, chapter 14, is called 'Small Wars' -a succession of similar accounts, some only a few paragraphs long. The Korean War is shortly described. Those of us who remember being shown the 'layer system' of clothing for British soldiers to counter Korean cold would agree, I think, that Dr Wright was misinformed when be says that 'Britain's Second World War anti-cold measures had not been carried over to the Korean War.'
The book has much information. It could be, however, that the author attempted to describe too much in his aim and could have shortened his repeated accounts with advantage.
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